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1
IMAGE FORMING APPARATUS HAVING
FIXING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming appa-
ratus and particularly relates to an image forming apparatus
“having a fixing unit with improved fixing characteristic.
2. Description of the Related Art

Electrophotographic apparatus including electronic copi-
ers and laser beam printers, etc. are provided with a fixing
unit where a developer image formed on a photosensitive
body and then transferred onto an image bearing medium 1s
fixed on the image bearing medium by heat. Such a fixing
unit comprises a pair of rollers to catch and feed the image
bearing medium and at least one of the rollers is a heating
~ roller. For improvement of the fixing characteristic of such
heat fixing unit in electrophotographic apparatus, it i1s nec-
essary to extend the fixing time. To extend the fixing time,
‘the rotation speed of the pair of rollers

~pair of rollers catch the image bearing- medium may be
~enlarged. The nip width may be enlarged by larger outer
diameter of the rollers, lower rubber hardness on outer
surface of the rollers, increased roller pressure or thicker
rubber.:

- When the fixing speed is slowed down for a longer fixing
time, the operation speed of the process unit in the whole
electrophotographic apparatus must be made lower, which
results in a slower speed for 1image formation.

On the other hand, when the nip width 1s made larger for

-a longer fixing time, it involves the drawbacks as listed

below:

1. Larger outer diameter of the rollers results in a larger
fixing unit, which leads to a higher cost;

2. Lower rubber hardness tends to result in wrinkles on
the image bearing medium;
3. Larger pressurizing force at rollers causes larger dis-

tortion at the roller shafts, wihnch results in lower feeding
performance for the image bearing medium; and

4. When the outer diameter of the rollers 1s kept constant,
thicker rubber ‘necessarily causes smaller shaft diameter.
This leads to lower shaft rigidity causing larger distortion at
the shaft, which results 1n lower feeding performance for the
image bearing medium. On the other hand, when the shaft

diameter is kept constant, thicker rubber results in larger.

outer diameter of the rollers, which leads to a larger fixing
unit. Besides, a fixing unit for color electrophotographic

apparatus requires a rubber layer coating on the heat roller.

This means that thicker rubber results 1n a larger temperature

difference between the roller surface and the shaft. In this

case, when the surface temperature 18 raised to a required

value, the shaft is inevitably heated up to an unusuaily high

‘temperature, which deteriorates the bonding strength

“between the shaft and the rubber layer and may result in
separation of the rubber layer.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an image
forming apparatus enabling improved fixing characteristic
with prolonged fixing time. There the drawbacks described
above are eliminated in spite of larger nip width at a pair of
- rollers.

ay be made lower
to slow down the fixing speed or the nip width by which the
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According to the present invention, there is provided an
image forming apparatus including fixing means to fix a
developer image on an image bearing medium, wherein the
fixing means comprising a first roller with a rubber layer
coated on a shaft, the first roller being in contact with the
developer image on the image bearing medium; and a
second roller with a rubber layer having smaller deformation
than the first roller rubber layer coated on the shaft; wherein
the first and second rollers being rotatably pressed against
each other to form a nip and the rubber layer thickness h; of
the first roller satisfies 0.512H<h,<H where H satisfies the
following equation:

[EJA — A, — 1) + BV ({A - (A, - 1)} +

4H(‘"'3I}AI2 + 3IIEA; — I_‘rs)] +

H{A® — (A, — )% - {4E,3t,A7 - 31,°A, + 1)} =0

where
R,: First roller radius [mm]
E,: Young’s modulus of first roller shaft [Kg/mm?]
t,: Thickness of first roller shaft [mm]
h,: Rubber layer thickness of first roller {mm}
R,: Second roller radius [mm]

E.: Young’s modulus of second roller shaft [Kg/mm?
t,. Thickness of second roller shaft [mm]

h,: Rubber layer thickness of second roller [mm]

A,=R,—H

A2=R —h,

Y=A,* (A —t,)*

Further according to the present invention, there 1S pro-
vided a fixing device comprising a first roller with a rubber
layer coated on a shaft, the first roller being in contact with
a developer image on an image bearing medium; and a
second roller with a rubber layer having smaller deformation
than the first roller rubber layer coated on the shaft; wherein
the first and second rollers being rotatably pressed against
each other to form a nip and, when the rubber layer thickness
h, of the first roller satisfying the formula below is H, h;
satisfies 0.512H<h,<H:

IEI{A14 - (Aj - I1)4} + EzY] ’ [{A14 - (AJ - 11)4} +

4}1}(_3IIA12 + SIIEAI — I;j)] +

A" — (A —1,)*} - {H4E,Bt,A7 = 31°A, + 1)} =0

where

R First roller radius [mm]
E,: Young’s modulus of first roller shaft [Kg/mm?]
t,: Thickness of first roller shaft [mm]
h,: Rubber layer thickness of first roller {mm]
Rz: Second roller radius {mm)]
E.: Young’s modulus of second roller shaft [Kg/mm®*]
t,: Thickness of second roller shaft [mm]
h,: Rubber layer thickness of second roller [mm]
A,=R,-h,
A.=R.-h,
Y=A,~(A,—t,)"

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram to schematically show an 1mage

forming apparatus according to an embodiment of the
present invention;

FIG. 2 1s a diagram to schematically show a fixing unit
according to an embodiment of the present invention;
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FIG. 3 is a graph showing the characteristic of the fixing
ratio (%) versus the ratio between the nip width n and N
(n/N) when the nip width is changed for the nip width N
when the rubber layer thickness H takes the value for the
maximum nip width; and 5

FIG. 4 is a diagram to show a fixing unit of image forming

apparatus according to another embodiment of the present
invention.

DETAILED DESCRIPTION OF THE 10
PREFERRED EMBODIMENT

Referring to the attached drawings, preferred embodi-

ments of the present invention will be described in details
below.

FIG. 1 shows an image forming apparatus according to an
embodiment of the present invention. A photosensitive drum
1 serving as an image carrier is located substantially at the
center of a main body H and makes rotation in the direction
shown with arrow A. The surface of the photosensitive drum 29
is formed by organic photoconductor (OPC). Around the
photosensitive drum 1 are disposed a charger 2, an image
exposure unit 3 consisting of LED array, a developing unit
4, a transfer unit 5 and a cleaning unit 6 along the rotation
direction of the photosensitive drum 1. 25

The charger 2 uniformly charges the surface of the
photosensitive drum 1 at 400 to 700 V. The exposure unit 3
radiates the LED beam onto the surface of the photosensitive
drum 1 to form an electrostatic latent image corresponding
to the image information for recording or copying. The 30
developing unit 4 is provided with a hopper 7 to accommo-
date single component developer with frictional electrifica-
tion property (hereinafter called toner) T. The hopper 7 is
provided inside with a developing roller 8 and a feeding
roller 9 so That the feeding roller 9 feeds the toner T to the 35
developing roller 8 and the developing roller 8 develops an
electrostatic latent image by applying toner T fed from the
feeding roller 9 onto the photosensitive drum 1.

A toner layer forming blade 12 to form a thin toner layer
with spreading toner T is pressed against the developing 4C
roller 8. The toner layer forming blade 12 comprises a 0.15
mm thick phosphor bronze plate having a silicone rubber
chip hemisphere with a radius of 1.5 mm at its end. The
silicone rubber chip is in contact with the developing roller

15
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The main body H 1s, at the lower part of either side,
provided with a paper feed unit 18 to store and feed paper
17 serving as the image bearing medium. Above the paper
feed unit 18, a paper feed roller 19 is provided to feed the
paper 17 to paper feed path 15. The paper feed path 15 is
provided with a fixing device 20 at the terminating end. In
the fixing device 20, the toner image transferred to paper 17
is fixed onto the paper 17.

FIG. 2 is a diagram to show details of the fixing device 20
for the image forming apparatus shown in FIG. 1. In FIG. 2,
the fixing device 20 comprises a first roller 21a and a second

roller 21b. The first roller 21a comprises a shaft 23a with a
cavity at the center, a rubber layer 22a formed on the surface
of the shaft 23a and a heater 24a disposed in the cavity of
the shaft 23a. The second roller 215 comprises, similar to the
first roller 21a, a shaft 235 with a cavity at the center, a
rubber layer 225 formed on the surface of the shaft 235, and
a heater 24b disposed in the cavity of the shaft 23b. The first
roller 21a and the second roller 215 are pressed against each
other under pressure applied by a pressurizing spring 25 to
the second roller 215.

For improvement of the fixing characteristic of the fixing
device 20, it 1s necessary to extend the fixing time. For this
purpose, a larger nip width is required. When the outer
diameters of the rollers is fixed, it is preferable to have a
larger pressurnizing force or a thicker rubber at the first roller
21a and the second roller 215 in order for a larger nip width.
However, larger pressurizing force results in a larger amount

of distortion at the roller shafts 23a and 235.

On the other hand, when the rubber layers 224 and 226 on
the first and second rollers 214 and 215 are made thicker, the
outer diameters of the roller shafts 23a and 23b become
smaller. This deteriorates the rigidity of the roller shafts 23a
and 23b, which causes larger distortion at the roller shafts
23a and 23b. Larger distortion at the roller shafts 234 and
23b leads to paper wrinkle problem. Therefore, it is neces-
sary to search for the optimum parameters including outer
roller diameter, rubber thickness, rubber hardness and load
for the widest possible nip width for a limited distortion
amount for the roller shafts 23 and 235. The inventors have
studied these parameters and found the optimum combina-
tion of them as described below.

That 1s, the relation between the load and distortion
amount can be expressed by the formula (1) below.

(1)

>
3201 1

1

16E1{(Ry — k)" - (R
Q6oL s

—h— )"
{Ri~m) =R —h1 —1) " HR2 - )" — (Ro— o — 1)}

_|_

16E{(Ry — hp)* — (Ry — by — 1)1}

TS

35

8. Toner T passing the contacting part is charged under

friction to have the same negative polarity as the charging

polarity at the photosensitive drum 1 and forms one or two

toner layers. 60

The transfer unit S is opposed to the peripheral surface of
the photosensitive drum 1 via a paper feed path 15 under the
photosensitive drum 1. In the transfer unit 5, a cylindrical
brush 16 is in light contact with the photosensitive drum 1 65
and makes revolutions at a speed equivalent to or about 1%
different from the speed of the photosensitive drum 1.

EI{(R1— k) — R1— k1 — 11)*} + Ea{(Ro

~ k) — (R — 2~ 1)}

Parameters in the formula (1) are as follows:

P: Load [Kgf]

R,: First roller radius [mm]

E,: Young’s modulus of first roller shaft [Kg/mm?]
h,: Rubber layer thickness of first roller [mm]

t,: Thickness of first roller shaft [mm]

R,: Second roller radius [mm]

E,: Young’s modulus of second roller shaft [Kg/1
h,: Rubber layer thickness of second roller [mm)]
t,: Thickness of second roller shaft [mm] '
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I: Distance between supporting points at the roller ends
[mm]
O: Distortion at shaft [mm]
- On the other hand, when one of the rollers is a cylindrical

' rigid body and the other has rubber coating, the nip width N
can be expressed by the formula (2) below.

| (2)
Ph |
E;

!
R1R7 )
X “ :

Parameters in the formula (3) are as follows:
h: Roller rubber thickness [mm]
E,: Young’s modulus of rubber [Kg/mm?]

If both of the rollers are coated with rubber, the formula
(3) is applied to the roller where the rubber makes a larger

N=1.5]5 (

5

10

15

distortion. When N in the formula (3) is the maximum, the

nip width takes the maximum value. When N takes the
maximum value, h is equivalent to the value of h when N°
in the formula (3) below is the maximum.

(3)
Ph
IE,.

RiR» )
X Ri+ Ry

It is supposed here that the roller with a larger rubber

N =1515° (

20

25

distortion at the nip is the first roller and expressed with the -

subscript “1”. When the formula (1) 1s applied to the formula
(3), the following formula (4) is obtained.

5__ 1515 RiRy O6mOE By (4)
N = X, X X
- IE, R1+ Ry 5
miAr’ - @A1-n)'HA2' - A - )"
EHAL — (A1 - 1)"} + Ea{A2” - (A2 - 1)}
A =R,-h;
A2 Rz""‘hg

Therefore, N> becomes maximum when dN°/dh;=0. That
is, when Y=A,*-(h,~t,)* and h, satisfies the formula (5)
- below, the largest nip width is obtained.

[EAAS — (A, — )Y} + E5XY - [{ASS = (A, = 1))° )+ (3)

4h,(BLA” + 3074, — 1)) + A — (A, — 1))

(—4E,(34,A,2 ~ 3124, + 1,9} =0

FIG. 3 is a graph to show the characteristic of fixing ratio
(%) against the ratio of the nip width n and N (n/N) for
various values of the nip width N when the rubber layer
thickness H causes the largest mp width. The fixing ratio can
be expressed as the ratio between the refiection density D
before rubbing and the reflection density D, after rubbing
(D,/D,) when the solid black part of the image 1s rubbed
with nonwoven fabric for 100 times.

From FIG. 3, it is understood that the fixing ratio or the

fixing characteristic becomes much worse when the mp
 width decreases by 20% or more from the maximum value
N. When it is supposed that the rubber layer thickness h,
‘satisfying the formula (5) is H, the range of the rubber layer
h, for good fixing characteristic is as shown below, if the
load is kept unchanged to prevent deterioration of image
bearing medium feeding ability by 20% decrease of the nip
width. According to the formula (6),
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(6)
R1Ry

* Ri+Rs

PH

0.8 X 1.515( IE,

) /3
1.515 (

Phy
lE,

Rk,
X R+ R

) /3

h=0.512H

Therefore, when 0.512H<h,<H, the nip width takes the
maximum value with good fixing characteristic,

Further, the inventors specifically measured the nip width
when 0.512H<h,<H is satisfied and when it is not satisfied.
Table 1 below shows the resuits.

TABLE 1

Embodiment Reference
R,{mm] 17.5 20
E,[Kef/mm?] 0.73 x 10° 0.73 x 10°

. t,{mm] 4 15

h,[mm] 2 5
E_[Kgf/mm®) 0.2 0.2
R,[mm] 17.5 20
E,[{Keffmm]* 0.73 x 10° 0.73 x 10*
t,{mm] 4 2
h,[mm]} | 0.5
o[ mm] (.82 | 0.82
Ideal h,{mm] 1.55 to 3.04 1.35 to 2.64
Nip width 5.2 4.8

As clearly understood from Table 1 above, in spite of
small outer diameter of the roller, the nip width in the

embodiment of the present invention is larger than that in the
reference.

Thus, according to the present invention, when the rubber
layer thickness h, of the first roller satisfying the certain
formulas concemed is H, h, satisfies the formula
0.512H<h<H. This realizes the maximum nip width and, as
a result, a fixing device and an image forming apparatus with
a largely improved fixing characteristic can be provided.

In addition, a wider nip width enables temperature low-
ering at the heater on the roller, which leads to reduced
POWET consumption.

FIG. 4 shows another embodiment of the fixing device 20.
The fixing device 20 comprises, in contact with the first
rolier 21a one the side contacting the developer image, a
releaser application unit 26 consisting of a felt roller, a first

cleaning member 27, a second cleaning member 28, and a
thermistor 25a.

The thermistor 23a detects the outer surface temperature
of the first roller 21a so that the electric current supplied to

the heater 244 is controlled based on the detected tempera-
ture.

The releaser application unit 26 consisting of a felt roller
applies releaser such as silicone oil to the first roller 21a.
Such application of the releaser onto the surface of the first
roller 21a prevents the toner from sticking to the first rolier
21a and then sticking to the next 1mage bearing medium
(referred to as oifset phenomenon). After fixing process,

offset toner is sticking to the first roller 21a with silicone oil.
Such offset toner and releaser on the first roller 21a are
wiped off by the first cleaning member.
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The first cleaning member 27 must be made of a material
with cleaning capability for offset toner even after process-
ing of several non fixed images. Specifically, preferable
materials may be porous or foaming materials such as felt,
considering the cost, maintenance, and size requirement
(compactness).

Suppose several record materials are passed between the
first and second rollers 21a and 21b. The first cleaning
member 27 soaks up the silicone oil and when the soaked oil
amount exceeds a certain level, the first cleaning member 27
acquires ability to supply the soaked silicone oil. As a result,
an irregular oil layer is formed on the first roller 21a.

Specifically, the oil coating layer has lines along the feed

direction. Such oil layer is cleaned by the second cleaning
member 28.

-For the second cleaning member 28, it is preferable to use
a blade of o1l resistant materials such as a fluororubber
blade. After passing of the second cleaning member 28, the
first roller 21a becomes free from toner or oil.

The area where the releaser application unit 26 and the
first roller 21a make contact must be designed to have the
minimum speed difference from the peripheral speed of the
first roller 21a. This is because, for a large speed ratio at the
contact between the first roller 21 and the releaser appli-
cation unit 26, many lines are generated on the releaser layer
on the first roller 21a along the feed direction, which results
in, upon fixing of solid image, a poor image quality with
any vertical lines.

In order to reduce the speed difference between the
releaser application unit 26 and the peripheral speed of the
heat roller 21aq, it is preferable to use a mechanism where the
contact area with the first roller 21a can be moved to the
peripheral movement direction of the first roller 21a. For
example, a mechanism with a roller shaped rotary member
is preferred. In this embodiment, a hollow shaft with many
small bores with its ends tightly closed is filled with oil in
it and wound with felt so that the oil soaked by the felt is
applied. Here, for the peripheral speed of the first roller 21a
and oil application, the relation between the speed ratio at
the area where the releaser application unit 26 and the first
roller 21a makes contact (first roller/releaser application
unit) and generation of vertical lines on the fixed solid image
1s examined. The results are as follows.

1. Peripheral speed of first roller: 50 mm/s
Amount of oil application for gear ratio 1: 0.5 mg/A4

Speed Ratio Extent of Vertical Line Generation

0 Unacceptable vertical lines

1/10 Unacceptable vertical lines

1/5 Acceptable

3/5 Acceptable
| Acceptable

/5 Acceptable

9/5 Acceptable

2 Unacceptable vertical lines

2. Penipheral speed of first roller; 80 mm/s
Amount of oil application for gear ratio 1: 0.5 mg/A4

Speed Ratio Extent of Vertical Line Generation
0O Unacceptable vertical lines
1/10 Unacceptable vertical lines
1/5 Acceptable
3/5 Acceptable
1 Acceptable
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-continued
715 Acceptable
/i Acceptable
2 Unacceptable vertical lines

3. Peripheral speed of first roller: 5S¢ mm/s
Amount of oil application for gear ratio 1: 0.8 mg/A4

Speed Ratio Extent of Vertical Line Generation

0 Unacceptable vertical lines

1/10 Unacceptable vertical lines

1/5 Acceptable

3/5 Acceptable
1 Acceptable

775 Acceptable

9/5 Acceptable

2 Unacceptable vertical lines

Thus, it 1s understood that a good fixed image can be
obtained when the outer peripheral speed of the releaser
application unit 1s 1/5 to 9/5 of the outer peripheral speed of
the first roller 21a in the same direction as the first roller 21a.

Even attar use for a long time, the surface of the releaser
application unit 26 is free from contamination. The releaser

application unit maintained a stable releaser application’
function for a long period.

Further, in this embodiment, the second roller 215 is also
provided with a blade 29 to clean the oil coming from the
first roller 21a. Without the blade 29, oil coming from the
first roller 21a is accumulated and finally forms an oil layer
on the back of (under) non fixed image. This may result in
lower heat conductivity from the second roller 215 deterio-
rating the fixing characteristic and irregular oil layer gen-
eration causing uneven image. In this embodiment, the blade
29 is made of fluororubber.

The reference numeral 25b in the figure denotes a ther-
mistor to detect the outer surface temperature of the second
roller 2156. Based on thus detected temperature, the electric

current supplied to the heater 245 is controlled.

What is claimed is:

1. An image forming apparatus including fixing means to
fix a developer image on an image bearing medium, the
fixing means comprising:

a first roller with a rubber layer coated on a first shaft, the

first roller being in contact with the developer image on
the image bearing medium; and

a second roller with a rubber layer having a smaller
deformation than the first roller rubber layer coated on

a second shaft;

wherein the first and second rollers are rotatably pressed
against each other to form a nip and h, satisfies
0.512H<h,<H, where H satisfies the following equa-
tion:

[E{A — (A, -1))%} + E)Y]-[{A*~ (A, - f;)d} +
4H(_3IIA12 + SIIEAI - IIS)] +

H{A — (A, — 1)*} - {4E,31,A7 = 31,24, + 1,5} = 0
where
R,: first roller radius (mm)
E;: Young’s modulus of the first roller shaft (Kg/mm?)
t,: thickness of the first roller shaft (mm)
h;: rubber layer thickness of the first roller (mm)
R,: second roller radius (mm)
E,: Young’s modulus of the second roller shaft (Kg/mm?)
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t,: thickness of the second roller shaft (mm)
h,: rubber layer thickness of the second roller (mm)

| AFRI_'_H
E Az::Rz‘“‘hz
Y=A,"~(A,~t,)*
2. An image forming apparatus according to claim 1,

wherein the first roller includes a heater disposed in a cavity
formed at the first shaft.

3. An image forming apparatus according to claim 1,
wherein said second roller includes a heater disposed 1n a
cavity formed at second shait.

4. An image forming apparatus according to claim 1
further compnsing:

- application means for applying releaser to the first roller
~ to prevent offset of the developer; and

5

10

15

- cleaning means for removing the developer and releaser

sticking to the first roller.
5. An image forming apparatus according to claim 4,
wherein the application means includes a roller member

rotating in the direction with the first roller in contact with-

the developer image on the image bearing medium and 1ts
~outer peripheral speed is 1!5 to 9/5 of the outer peripheral
speed of the first roller.

6. A fixing device comprising:

a first roller with a rubber layer coated on a first shait, the '

first roller being in contact with a developer 1image on
- an image bearing medium; and
~a second roller with a rubber layer having a smaliler

deformation than the first roller rubber layer coated on
a second shaft;

wherein the first and second rollers are rotatably pressed

“against. each other to form a nip and h, satisfies
0.512H<h <H, where H satisfies the following equa-
tion:

HEAAS = A, -~ + ExY] - HAS — (A, — 1)} +

20

25

30

35

10

-continued
AH(35,A7 + 31°A, — 1)) +

H{A = (A) - 1)} - {HEGrA” =314, + 1,7} =0

where
R,: first roller radius (mu

)
E,: Young’s modulus of the first roller shaft (Kg/mm?)

t,: thickness of the first roller shait {(mm)
h,: rubber layer thickness of the first roller (1

R,: second roller radius (mm)

E.: Young’s modulus of the second roller shaft (Kg/mm?)
t,: thickness of the second roller shaft (mm)

h,: rubber layer thickness of the second roller (mm)

A=R,-H.

A=R,—h,

Y=A,"—(A,—t,)".

7. A fixing device according to claim 6, wherein the first
roller includes a heater disposed in a cavity formed at the

=

first shatit.

8. A fixing device according to claim 6, wherein said
second roller includes a heater disposed in a cavity formed
at the second shatft.

9. A fixing device according to claim 6 further compris-
ing:

| s

m)

application means for applying releaser to the first roller
to prevent offset of the developer; and

cleaning means for removing the developer and releaser

sticking to the first rolier.

10. A fixing device according to claim 9, wherein the
application means includes a roller member rotating in the
direction with the first roller in contact with the developer
image on the image bearing medium and its outer peripheral
speed is 1/5 to 9/5 of the outer peripheral speed of the first
roller.
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